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Introduction
In 2005 the design of the General Household Survey (GHS) changed to a rotating panel, to give researchers access to data capable of measuring changes over time in respondents' circumstances, including their states of health. The advantages for research of longitudinal data have been well documented; 1 however, a weakness is the possibility of loss to follow-up among sample members. This can introduce bias into analyses if the cause of the attrition is related to the subject under study, such as well-being or functional health status.
The introduction of longitudinal data capture into the GHS has implications for the continuity of the Health Expectancy (HE) time series which has been published by the Office for National Statistics (ONS) since 1981. Disproportionate attrition of a particular group of contributors, for example those in the poorest health, will preclude the use of repeat measurement data (panels two to four) in maintaining the time series. However, restricting the analysis to the annual refreshed sample (panel one only) may result in insufficient numbers to detect statistically significant differences between constituent countries of the UK and over time.
This report has three principal aims:
 Firstly, to compare the prevalence of health states in the longitudinal and cross-sectional elements of the GHS, in order to assess the extent of bias resulting from attrition  Secondly, to compare HEs derived from survey data that include and exclude the longitudinal elements of the GHS, in order to inform the likely effect of using the longitudinal data in this time series  Thirdly, to document the approach to calculation of the standard errors (SE) of HE estimates incorporating the survey design effect (deff). This approach is applied to the historical time series from 2000-02, to ensure that the variance of health expectancy estimates and their precision take account of the complex sampling design of the GHS
Background
ONS estimates of HE for the UK and its constituent countries are partly constructed using the selfreported health of respondents to the GHS. In 2005, this survey changed from a purely crosssectional design to a rotating-panel longitudinal design, becoming the General Household Survey Longitudinal, GHS(L). In the same year, the survey sample was arbitrarily divided into four distinct panels, each being representative of the wider private household population of Great Britain (GB). The standard approach to calculating HEs involves pooling three consecutive years of survey data in order to increase sample sizes and achieve sufficient precision to identify differences between countries and changes over time. With the introduction of longitudinal data elements, simply repeating the pooling of three years survey data would involve using repeat observations. The use of repeat observations has certain implications including bias that may arise from panel conditioning and changes in the population that occur between the time of selection of the panel and interview. 1 The key aspect of concern here is the possibility of non-random attrition: that is, disproportionate loss from the sample of particular sub-groups of the sample, such as those in the poorest health. In the case of HEs, this will exaggerate the length and proportion of life that someone might expect to live in 'Good' or 'Fairly Good' health or without a limiting chronic illness. Sample weights have been developed for the GHS(L) to correct for non-random attrition, but there is no guarantee that these weights fully rectify the effect of attrition on the outcome under study.
Another consequence of using repeat observations is a reduction in the precision of calculated estimates, which arises as a result of inflation in the SEs caused by the correlation in within-subject responses over time. 
Methodology
ONS estimates of HE are calculated using the Sullivan method, which requires the combination of survey, mortality and population data to estimate periods of life spent in 'Good' or 'Fairly Good' health; healthy life expectancy (HLE), or without a limiting chronic illness or disability; disability-free life expectancy (DFLE). GHS(L) survey data is weighted to compensate for non-response and calibrated to the sampling distribution of known population totals in terms of age group, sex and region. This weighting allows the survey data to reflect the population characteristics of GB and lower level geographies. In 2006, weighting was adjusted to include non-response due to attrition, that is, non-participation of respondents to subsequent waves of the survey. For the CHS a simple, population based, weighting is applied to survey data to reflect the mid-year population estimates of NI by age and sex.
Weighted survey data is used to calculate population estimates of the prevalence of 'Good' or 'Fairly Good' and 'Not Good' health states and the presence or absence of a limiting long-standing illness which feed into the construction of the HE metrics. This is combined with prevalence estimates of residents of medical and care communal establishments, based on the prevalence rates recorded at the Census 2001 and adjusted to match current mid-year population estimates. It is necessary to use the 2001 Census data to estimate the prevalence of health states in the communal establishment population since the scope of GHS(L) and CHS data is restricted to the private household population.
Health expectancies
The complete methodology of ONS HE estimation has previously been published and will not be described in detail here. 3 Briefly, three-year aggregate survey and communal establishment health prevalence data is multiplied by the total person years lived at a given age interval, calculated from three-year aggregated mid-year population estimates and period life tables, to give the total number of person years lived in that age-interval in 'Good' or 'Fairly Good' health or without a limiting long-standing illness. This value is then divided by the number of people surviving to that age to give an estimate of HLE or DFLE respectively.
Design of the GHS(L)
As described 
Box 1

Comparison of longitudinal and cross-sectional data
The purpose of the first investigation was to establish the extent to which the attrition weighting was compensating for differential attrition. The assumption was that in any year after 2005 the health state prevalence estimates from the new entrant (wave 1) panel should not be significantly different from the corresponding estimates from the continuing (waves 2 to 4) panels. Appropriate weights were applied to estimates from each panel. This is because each panel was selected as a representative sample of the population. The ongoing panels exclude exits from the cross-sectional population caused by deaths and ineligibility; but do not account fully for entrants to the crosssectional population.
Any differences that do occur in estimates between the new and ongoing panels are therefore attributed to the longitudinal process, that is, attrition, population change or panel conditioning. It has been assumed that imperfect adjustment for attrition will be the major cause of any such differences, although it is not possible to verify this with certainty.
Health state prevalence was compared between wave 1 (cross-sectional) and waves 2 to 4 (longitudinal) in 2005, 2006 and 2007. Both weighted and unweighted data were compared in each period, since the addition of a model to account for population based attrition in the weighting paradigm of the GHS(L) might account for bias caused by the loss of survey respondents in the longitudinal data.
HLE and DFLE by country, sex and age band based upon complete GHS(L) datasets over the period [2005] [2006] [2007] , that is, incorporating both the cross-sectional and longitudinal elements, were compared with the cross-sectional data alone over this period.
At the time of writing, the standard errors of the complete dataset had yet to be calculated. These require the estimation of the over-time correlation between longitudinal responses, for which the methodology is being developed. This will then enable statistical significance tests to be undertaken on differences between the complete and cross-sectional data.
Calculation of confidence intervals
ONS estimates of HLE and DFLE are reported with 95 per cent confidence intervals (CIs) to indicate their precision. The 95 per cent CI is additionally used to detect significant differences between countries and over time. Historically, the SE and by extension, the CIs, have been calculated for both the GHS(L) and the CHS without taking into account their survey design. This approach is appropriate for surveys with a simple random sample design, such as the CHS. However, for surveys with complex sample designs, such as the GHS(L)'s cluster design, a more accurate estimation of SEs is necessary, incorporating the deff of sample selection.
The GHS(L) has a multi-stage sample design, involving clustering and stratification, each of which has different effects on SEs. For example, if health status among people living within the same primary sampling unit (PSU) is more similar than it is among the population in general, the standard errors of HE estimates can increase. In contrast, stratification results in reduced SEs and therefore better precision of point estimates.
These deffs should be accounted for when calculating the SEs of HE estimates since the size of the error depends upon the spread of health events within and between PSUs. ONS HE timeseries backdated to 2000-2002 has been adjusted in this paper to reflect the deff of the GHS over these years, and these data are compared with original estimates of 95 per cent CIs. Estimates for NI are unaffected by this issue since the CHS has a simple random sample design. However for the UK, SEs from GB incorporating the deff of the GHS has been combined with those of NI to calculate UK level SEs and 95 per cent CIs.
Results
Comparison of the prevalence of health states between cross-sectional and longitudinal data
The analysis reported below demonstrates that the prevalence estimates of health states for those people continuing in the survey beyond the first (wave 1) interview are different from those entering the survey for the first time. In the unweighted data, 'Good' and 'Fairly Good' health was significantly more prevalent in longitudinal (waves 2 to 4) compared with cross-sectional (wave 1) data in 2006 and 2007. There was no statistically significant difference between the waves in 2005, when all respondents were cross-sectional. In addition, there were no significant differences in the prevalence of limiting long-standing illness between longitudinal and cross-sectional panels for males or females in 2006 and 2007 or between panels in 2005 (see Table 1 ).
In As with the comparison between longitudinal and cross-sectional panels, 'Good' and 'Fairly Good' health was more prevalent for males and females in the complete dataset compared with the cross-sectional data alone. For males the prevalence of favourable health states was 90.0 per cent in the complete dataset compared with 89.2 per cent in the cross-sectional data, for females the equivalent figures were 88.5 per cent and 87.5 per cent respectively. There were mostly no differences in the prevalence of limiting long-standing illness between complete and crosssectional datasets (Table 2) . Complete and cross-sectional datasets from the GHS(L) were combined with data from the CHS, mid-year population estimates, and mortality data to calculate health expectancies for the UK, GB and constituent countries in 2005-2007.
Although it is not possible here to assign statistical significance to differences between HE estimates derived from complete and cross-sectional data, clear patterns in the data emerged.
In general, HLEs for males and females at birth and at age 65 were higher when derived using the complete data. The greatest disparity was in males at birth in the UK, England and Scotland where HLE derived from complete data was 0.8 years greater than that derived from the cross-sectional specific data. For females the greatest disparity occurred in Wales at birth, where the complete data produced an estimate 1.5 years higher than that estimated using cross-sectional data (Table  3 ).
There was a single instance in which the HLE estimates were identical; males in Scotland at age 65. There was also one instance in which the estimate derived from the complete data was lower than that produced by the cross-sectional data; males in Wales at age 65 had an estimated HLE of 12.3 years using to the complete data and 12.7 years using the cross-sectional specific data.
There was no clear trend of increased or decreased estimates of DFLE for males and females at birth or at age 65 whether using complete or cross-sectional specific data. With a few exceptions, estimates derived from the complete data tended to be slightly higher at birth but slightly lower at age 65 compared with those produced using the cross-sectional specific data. 
Trends in health expectancies
When comparing the trend over time, estimates of HLE derived from the complete dataset were generally higher than might be expected; while those derived from the cross-sectional specific data were largely comparable with recent trends. Examples of the increases in HLE for males and females at birth and at age 65 in GB are illustrated in figures -2006) , twice the largest previous increase between two periods. Estimates of HLE derived from the cross-sectional specific data were within the range of increases in previous years (see Table 4 ).The relative increase in HLE for females at birth in the UK, GB and England was more pronounced; on average between 2000-2002 and 2004-2006 . HLE had increased by 0.1 year (range -0.1 to 0.4 years) for this group, whereas estimates derived from the complete dataset were between 0.9 and 1.1 years higher compared with the previous period. For males and females at birth in Wales and Scotland, HLE derived from the complete data resulted in period increases outside the range seen in previous years, whereas estimates derived from the cross-sectional specific data were within this range (Table 4) .
With the exception of Wales, the increase in HLE at age 65 for males was higher when calculated from the complete compared with the cross-sectional data and was at the extreme end of the increases seen over previous periods. For females at age 65, estimates of HLE derived from the complete dataset showed increases beyond the range seen in previous periods in all countries, while those from the cross-sectional specific data were predominantly consistent with previous periods (Table 4) . (Table 5 ).
Application of the sampling design effect of the GHS to the calculation of standard errors
In most cases the 95 per cent CI associated with estimates of HLE and DFLE became slightly wider, reflecting a loss in precision of the estimates overall. At worst the deff resulted in an 8 per cent increase in the width of associated 95 per cent CIs, although improvements of up to 3 per cent were also seen.
On the whole, this change did not unduly affect the ability to detect statistically significant differences between countries or over time. There was, however, a single instance in which the difference between countries was no longer significant using the new CIs: the difference in DFLE for males at birth between England and Scotland in 2001-2003 is no longer statistically significant.
There were also three instances in which significant differences over time were no longer present. Table 4 Comparison of average change in HLE over time with estimates derived from complete and cross-sectional specific datasets The prevalence of 'Good' or 'Fairly Good' health was significantly higher among respondents in the longitudinal compared with the cross-sectional elements of the survey in 2006 and 2007, indicating a selective loss or attrition of those in the poorest health from the sample. Interestingly, there were no differences between the cross-sectional and longitudinal elements of the survey in terms of limiting long-standing illness in any period examined. In part, the stability of this measure, compared with general health, is due to the fact that it is on the whole more prevalent than 'Not Good' health; people with a limiting long-standing illness may nevertheless report their general health state as 'Good' or 'Fairly Good'. 4 The selective loss or attrition of people in the poorest health from the longitudinal element of the survey will therefore have less of an impact on the overall prevalence of limiting long-standing illness than on general health states.
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Time series
The prevalence of 'Good' and 'Fairly Good' health remained higher when longitudinal and crosssectional data were combined to produce a complete 2005-2007 dataset, compared with crosssectional data alone over this period. Estimates of HLE calculated from the complete dataset were higher for males and females at birth in the UK, GB and England than those calculated from the cross-sectional specific data. The period increase in HLE according to the complete data was also implausibly higher than that of recent years, indicating that these data will exaggerate the expected years of life spent in 'Good' or 'Fairly Good' health, particularly at birth.
Although generally higher, the differences in the prevalence of limiting long-standing illness and in estimates of DFLE for males or females at birth or at age 65 using the complete data were comparable to those estimated using cross-sectional specific data.
Incorporating the longitudinal element of the GHS(L) into calculations of HE leads to a deviation in estimated HLE compared with recent trends, whereas, estimates calculated from the crosssectional specific data are broadly in line with increases seen in recent years. The continued use of the cross-sectional survey data alone, excluding the longitudinal component, therefore, is advisable to maintain continuity of the ONS HE time series. This approach, however, decreases the precision of HE estimates.
This report does not include measures of the statistical significance of differences in HE between the complete and cross-sectional specific GHS(L) elements. It is likely that the covariation of health states between successive interviews in the longitudinal panels will have an effect on the size of On average it appears that the 95 per cent CI associated with estimates of HLE and DFLE for males and females at birth and at age 65 will increase in width by 15 to 34 per cent with two years of reduced data and 47 to 87 per cent with three years of reduced data. Although these increases seem large in terms of percentage increase, they equate at worst to increases in the width of 95 per cent CIs of less than 1 year at birth and less than 0.5 years at age 65. However, this loss of precision is likely to impair our ability to identify real differences in HE between countries or over time. 
Conclusion
The transition of the GHS(L) from a cross-sectional to a rotating-panel longitudinal design in 2005 leads to increases in the estimated population prevalence of 'Good' and 'Fairly Good' health states and, therefore estimates of HLE that depart implausibly from the established time trend.
Using the GHS(L) cross-sectional specific data for estimating HE for the period 2005-2007 appears to represent the best way to maintain the continuity of this important series. With further methodological development and the replacement of the question traditionally used to calculate the prevalence of 'Good' or 'Fairly Good' health, it is conceivable that ONS will adopt the complete GHS(L) (now General Lifestyle module) datasets for the reporting of HE in the period 2006-2008. This is likely to avoid the loss of precision seen with the reduction in the survey sample when using only the cross-sectional panels.
ONS has improved the method to calculate the SE and associated 95 per cent CI of estimates of HE by incorporating the design effect of the GHS(L). This change has a negligible impact in the short term but ultimately improves the measured precision of these estimates.
